Introduction
Carpal tunnel syndrome (CTS) is the most common nerve entrapment neuropathy and occurs by compression of the median nerve at the wrist (1) . The median nerve in the carpal tunnel is damaged by mechanical compression and local ischemia (2) . CTS is diagnosed by clinical symptoms (e.g., paresthesias in the median nerve distribution, wrist and arm pain), physical examination (e.g., dense numbness, wasting of thenar muscles), and electrodiagnostic evaluation. Nerve conduction studies and electromyography are critical to support the diagnosis of CTS, determine the severity of the disease, and exclude other abnormalities (3) . However, this assessment is expensive, time-consuming, and partially invasive. It also does not provide information about the etiology of CTS and structures within the carpal tunnel (4) . High-frequency ultrasound (US) is recently at a premium for CTS diagnosis and it has low cost, short duration of examination, and noninvasiveness. It is also used to measure the contour and dimension of the median nerve in the wrist at different levels. The short axis has been reported as the best way to visualize and follow the peripheral nerve (5) .
The most commonly used ultrasonographic measurement for the diagnosis of CTS is measurement of the median nerve cross-sectional area at different levels of the carpal tunnel. In recent years, quantitative measurements such as nerve density and fascicular ratio were added in the evaluation of peripheral nerves (6, 7) . Enlargement of the median nerve at the level of the proximal carpal tunnel has been accepted as the most predictive criterion for CTS. However, cut-off values for pathological size varies from 9 to 15 mm 2 in different studies (8, 9) . In addition, the crosssectional area of a nerve may differ according to biometric characteristics such as age, sex, height, weight, and wrist thickness (10) (11) (12) (13) . Therefore, we thought that using the ratio of another peripheral nerve cross-sectional area, the ulnar nerve, which is not affected by CTS but is affected by biometric features, and the median nerve cross-sectional area may be more accurate diagnostic approach.
We thus aimed to assess whether the ultrasonographic ratio of median nerve cross-sectional area (m-CSA) to ulnar nerve cross-sectional area (u-CSA) at the level of the pisiform bone in the carpal tunnel inlet is a useful tool for CTS diagnosis.
Materials and methods
Fifty patients with idiopathic CTS were enrolled in the study. Electromyography results confirmed the diagnosis of CTS in all patients. Exclusion criteria were: 1) patients <18 years old and >70 years old; 2) prior history of trauma, fracture, surgery, or steroid injections related to the upper extremities; 3) surgical or nonsurgical (e.g., physical therapy, splints, steroid injections) treatment history related to CTS; 4) anatomical abnormalities (e.g., bifid median nerve, aberrant persistent median artery, MartinGruber or any other anastomosis); 5) neurological diseases that may affect hand function (e.g., cervical radiculopathy, polyneuropathy, mononeuropathies, cerebrovascular events); 6) systemic diseases related to CTS (e.g., inflammatory joint diseases, diabetes mellitus, acromegaly, hypothyroidism, chronic renal failure); 7) pregnancy.
The control group consisted of 50 healthy age-and sex-matched people with no clinical signs or symptoms of CTS. To achieve a difference of 1.10 ± 1.93 mm 2 in m-CSA measures between CTS patients and controls with an alpha error of 0.05 and 80% power, we calculated that it would be necessary to allocate 50 subjects into each group (14) .
Before this case-control study, approval of the Ethics Committee of the Gazi University Medical Faculty was obtained and an informed consent form was completed by all participants.
Demographics data for all participants including age, sex, height, and weight and for patients clinical symptoms were recorded and then physical examinations (sensory and motor examination, Tinel-Phalen tests) were performed by the first author. The patient group completed the Boston Carpal Tunnel Questionnaire (BCTQ) with the help of the same investigator. Ultrasonographic measurements of all participants were performed by the second author, who was blinded to the results of clinical evaluations and electrophysiological parameters. The m-CSA and u-CSA were measured at the proximal inlet of the carpal tunnel using the pisiform bone as an indicator.
Boston Carpal Tunnel Questionnaire
The BCTQ is a self-report questionnaire evaluating the symptom severity and functional status of CTS patients. It has two different scales on a five-point scale ranging from 1 to 5. The symptom severity scale consists of 11 questions evaluating the severity, frequency, time, and type of symptoms. The functional status scale consists of 8 questions evaluating the effect of CTS on daily living activities (15) .
The total score is calculated by the sum of individual scores divided by the number of questions. Higher scores indicate worse symptoms or functional status. The Turkish version of the BCTQ has acceptable validity and reliability (16).
Electrodiagnostic evaluation
Electrophysiological evaluation of patients was performed at the ENMG Laboratory of the Gazi University Faculty of Medicine, Physical Medicine and Rehabilitation Department, using the Medelec Synergy EMG / EPS system electrophysiological device. During the test, surface electrodes were used and extremity distal skin temperature was maintained above 32 °C.
The Padua scale was used for the classification of CTS severity. According to this scale, patients are classified into six groups: stage 1: normal; stage 2: minimal; stage 3: mild; stage 4: moderate; stage 5: severe; and stage 6: extreme (17).
Ultrasonographic evaluation
One hand of each participant was evaluated using a General Electric Logiq P5 machine and 8-12 MHz high frequency transducer. To guarantee the blindness of the investigator, the participants were asked not to speak during the evaluation. Ultrasonographic measurements were performed while the participants were seated with the palm supinated and the forearm resting on the table in a neutral position. The CSA of the median and the ulnar nerve was measured using the manual trace program of the ultrasonography device and within the hyperechogenic rim surrounding the nerve at the wrist ( Figure 1 ). Measurements were done three times and the mean values were used for the analysis.
Statistical analysis
Statistics were analyzed using SPSS 21.0 (IBM Corp., USA). Descriptive statistics were presented as mean ± standard deviation. Group differences in quantitative and qualitative variables were evaluated by Student t-test and chi-square test. Associations between biometric characteristics and ultrasonographic CSA measurements of the median nerve in healthy controls were assessed by Pearson correlation coefficients. Receiver operating characteristic (ROC) curves were used to determine the diagnostic values of ultrasonographic m-CSA and m-CSA/ u-CSA ratio at the proximal inlet of the carpal tunnel. The sensitivity, specificity, positive predictive, and negative predictive values of the m-CSA and m-CSA/u-CSA ratio for the diagnosis of CTS were calculated by identifying the cut-off values using ROC curves. A value of P < 0.05 suggested a statistically significant difference.
Results
Fifty patients (48 women, 2 men) with positive symptoms, clinical findings, and electromyography results of CTS and 50 controls (47 females, 3 males) were evaluated. The most symptomatic hand of the patients (42 right hands, 8 left hands in the CTS group) and the dominant hands of controls (45 right hands, 5 left hands) were included in the assessment. There were no significant differences in age, sex, height, weight, and body mass index (BMI) between the two groups (P = 0.637, P = 0.646, P = 0.504, P = 0.944, and P = 0.785, respectively). The demographic characteristics of the CTS and control groups are presented in Table 1 . Symptom duration of patients with CTS was 27.74 ± 27.82 months and eight patient had paresthesias or numbness in the median nerve-innervated area of the hand. Sensory or motor examinations were normal in the control group. The Tinel test was positive for 38 hands (76%) and the Phalen test was positive for 36 hands (72%) in the CTS group. Mean symptom severity scale and mean functional status scale scores in the CTS group were 2.71 ± 0.70 and 2.88 ± 1.01, respectively.
Electrodiagnostic evaluation
According the Padua scale, electrophysiological findings of 26 hands were classified as mild -stage 3 (abnormal sensory nerve conduction velocity and normal distal motor latency) and 24 hands were moderate -stage 4 (abnormal sensory nerve conduction velocity and abnormal distal motor latency) in the CTS group.
Ultrasonographic evaluation
Significant correlations were found between m-CSA and age, weight, and BMI in healthy subjects (correlation coefficients were 0.467, 0.338, and 0.324, respectively; P < 0.001, P = 0.01, and P = 0.02, respectively). The CSA measurements of median nerve and m-CSA/u-CSA ratio at the level of the pisiform bone were significantly higher in the CTS group than in the control group (P < 0.001 and P < 0.001, respectively) ( Table 2) .
ROC curves were drawn to determine the diagnostic accuracy of the m-CSA and m-CSA/u-CSA ratio at the level of the carpal tunnel inlet (Figure 2 According to the ROC curve, 11.95 mm 2 was selected for the cut-off point of the m-CSA while 2.95 was selected for the cut-off point of the m-CSA/u-CSA ratio. The sensitivity, specificity, and positive and negative predictive values for each of these cut-offs are shown in Table 3 .
Discussion
In our study, the ultrasonographic ratio of m-CSA/u-CSA, which we investigated as a new diagnostic parameter for CTS, had similar diagnostic accuracy as the m-CSA measurement at the same level. Using the cut-off point 2.95 for the ratio of m-CSA/u-CSA showed a sensitivity of 86% and a specificity of 72%, while using a cut-off point 11.95 mm 2 for m-CSA showed a sensitivity of 80% and a specificity of 80% at the level of the pisiform bone in the diagnosis of CTS. The mean ultrasonographic measurement of the m-CSA in patients with CTS found in this study (14.51 ± 3.72 mm 2 ) corresponds to the findings reported in previous studies (9) (10) (11) (12) (13) (14) . Mean m-CSA at the carpal tunnel inlet in the healthy population is generally reported between 8.0 and 10.0 mm 2 (12) and similarly in our control group the mean m-CSA was found as 9.33 ± 2.07 mm 2 . The sensitivity of ultrasonographic m-CSA measurements ranged from 62% to 97% and the specificity ranged from 57% to 100% in the diagnosis of CTS among studies. In our study, we did not detect a high diagnostic cut-off point for m-CSA in the diagnosis of CTS as in most studies (8, 9) . These results also support our efforts to develop a new diagnostic method for the diagnosis of CTS.
The best descriptive measurement was reported as the m-CSA at the level of the pisiform bone. However, the m-CSA cut-off value for the diagnosis of CTS varied from 9 mm 2 to 15 mm 2 among studies (7) (8) (9) . Inconsistencies between studies might be due to the differences between selection criteria of patients and controls, the methods used in the diagnosis of CTS, electrodiagnostic methods, and measured CSA levels (4) (5) (6) (7) (8) .
Furthermore, the m-CSA may vary depending on the person's biometric characteristics. Several studies reported that ultrasonographic m-CSA measurement increased with increasing age (10, 11) , had a positive correlation with BMI (11, 12) , and was greater in men (10) (11) (12) in the carpal tunnel inlet. These relationships were also found in ultrasonographic measurements of other peripheral nerves (13) . In our study, age had the greatest effect on m-CSA in healthy subjects. In addition, weight and BMI also had a positive correlation with m-CSA. The specificity of ultrasonographic m-CSA measurement may decrease according to the changeability of this measurement depending on the person's biometric characteristics. Therefore, we measured the u-CSA at the same level of m-CSA measurement and calculated the m-CSA/u-CSA ratio for diagnostic accuracy in CTS. As the biometric characteristics affect the m-CSA, researchers have used a variety of ultrasonographic ratios to eliminate this potential in the diagnosis of CTS.
Ulaşli et al. obtained a swelling ratio (SR) by dividing the distal CSA measurements of the median nerve (tunnel inlet, midtunnel, and outlet) into proximal CSA measurements of the median nerve (4 cm and 12 cm proximal to the distal end of the radius). The SR calculated at the level of 4 cm proximal to the distal end of the radius was proposed for ultrasonographic CTS diagnosis because of being more practical, showing more meaningful correlation with electrophysiological findings, and giving similar sensitivity and specificity values as the 12 cm level (18) .
In another study, the wrist/forearm ratio (WFR) was examined in order to exclude variations that could be related to different population groups and measurement techniques. A WFR of ≥1.4 was found as 100% sensitive in the diagnosis of CTS, but the specificity was not calculated. In addition, the small number of control subjects and significant differences in demographic data of patients decreased the accuracy of the results (19) .
Klauser et al. calculated two parameters (the difference and the ratio between the median nerve cross-sectional areas at the level of the flexor carpi radialis tendon and at the level of the pronator quadratus muscle) and compared them to results of nerve conduction studies. Both parameters showed significant differences between groups and discriminated accurately with different severities of CTS based on selected cut-off values (20) . This method appears advantageous, but finding the anatomical structures (flexor carpi radialis tendon, pronator quadratus muscle) used as indicators may be difficult and more timeconsuming.
In a study by Abrishamchi et al., the electrodiagnostic data of 81 symptomatic hands (mild, moderate, and severe CTS) were compared with ultrasonographic measurements of the median nerve (m-CSA and WFR). The WFR significantly differed between severe and nonsevere CTS groups, although it did not differ significantly between the groups of mild and moderate CTS (P < 0.381). The m-CSA measures were significantly different between all groups. The sensitivity and specificity of WFR and m-CSA measurements were similar for the diagnosis of CTS (21). Kim et al. calculated the nerve/tunnel index by measuring the CSA of the proximal and distal median nerve and carpal tunnel and they emphasized that this index may be a useful and objective method since it is not affected by body measurements or sex for the ultrasonographic Table 3 . The sensitivity, specificity, and positive and negative predictive values for the cut-off points of median nerve cross-sectional area and median/ulnar cross-sectional area ratio at the tunnel inlet by using receiver operating characteristic curve. evaluation of CTS. However, this measurement was not compared with m-CSA, so there is no conclusion about the advantages of this measurement (14, 22) . We realize that the different ratio calculations, which are thought not to be affected by the biometric characteristics of a person, did not provide additional benefit for the diagnosis of CTS when we analyzed these studies. Accordingly, we did not found higher diagnostic value of the ultrasonographic m-CSA/u-CSA ratio when we compared it with single m-CSA measurement in our study. The reason for this may be that the measurement of the u-CSA by ultrasonography at the wrist is more difficult than median nerve measurement and ultimately it is more likely to be measured incorrectly. For example, Tagliafico et al. found that the reliability of ultrasonographic u-CSA measurement at Guyon's canal (83%) was lower than that of the m-CSA measurement at the proximal carpal tunnel (91%) (23) .
Recently, Eom et al. investigated the ulnar nerve by ultrasonography at the wrist in CTS patients based on the presence of symptoms in the area of the ulnar nerve besides the median nerve. They reported that the u-CSA was not correlated with electrodiagnostic tests, whereas the m-CSA/u-CSA ratio was significantly correlated with electrodiagnostic tests. However, they did not assess whether it had superior diagnostic value considering the single m-CSA measurement (24) . Most recently, Yurdakul et al. measured swelling ratio, palmar bowing, m-CSA at the pisiform bone level, and u-CSA at Guyon's canal and calculated the ratio of m-CSA/u-CSA for the diagnosis of CTS. All of the ultrasonographic measurements were significantly higher in patients with CTS than in the control group. The m-CSA/u-CSA ratio of ≥1.79 was found as 70% sensitive and 76% specific in the diagnosis of CTS (25) . They found that the m-CSA/u-CSA ratio did not provide additional benefit in the diagnosis of CTS. However, this measurement was not compared with m-CSA measurement. In our results, we found higher sensitivity and similar specificity for the m-CSA/u-CSA ratio in the diagnosis of CTS. Nevertheless, it was not a more advantageous method than m-CSA alone.
Our study has several limitations. First, our patients were only in Padua stages 3 and 4 according to electrodiagnostic tests. Second, we could not evaluate if the m-CSA/u-CSA ratio was useful to discriminate different severities of CTS. Further studies with various degrees of CTS are required. Another limitation is that nerve CSA measurements in the asymptomatic hands of the persons were not made.
To conclude, our results are concordant with the data reported in the previous literature for the m-CSA at the level of the pisiform bone in the diagnosis of CTS. The ultrasonographic ratio of m-CSA/u-CSA at the same level was not detected to be superior to m-CSA in the diagnosis of CTS.
